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SYNOPSIS
	The thesis entitled “Biomimetic Modelling of Organic Synthesis: Studies Involving Cyclodextrins” has been divided into five chapters. Chapter-I deals with brief introduction to “biomimetic organic synthesis”. Chapter-II is divided into two sections Section-A describes the supramolecular synthesis of selenazoles using selenourea in water in the presence of -cyclodextrin under atmospheric pressure; Section-B deals with the Aqeous phase synthesis of thiazoles and amino thiazoles in the presence of -cyclodextrin. Chapter-III has been divided into two sections Section-A summarizes the facile regioselective ring opening of aziridines to haloamines using tetrabutylammonium halides in the presence of -cyclodextrin in water; Section-B deals with the highly regioselective C-3 opening of aromatic 2,3-epoxy alcohols with sodiumphenoxides/thiophenoxides supported by β-cyclodextrin in water.  Chapter-IV has been divided into three sections Section-A deals with the mild and efficient oxidative deprotection of THP ethers with NBS in the presence of -cyclodextrin in water; Section-B describes the direct synthesis of carbonyl compounds from THP ethers with IBX in the presence of -cyclodextrin in water; Section-C summarizes the deprotection of oximes using iodosobenzene in the presence of -cyclodextrin in water. Chapter-V has been divided into three parts Section-A Synrhesis of -bromo--ketoesters by substitution of active hydrogen with NBS followed by cyclization with thiourea/selenourea under supramolecular catalysis; Section-B summarizes aqueous phase synthesis of vic-halohydrins from olefins and N-halosuccinimides in the presence of -cyclodextrin; Section-C deals with the synthesis of phenacyl esters from phenacyl bromide and potassium salts of aromatic acids in the presence of -cyclodextrin in water.





CHAPTER-I: INTRODUCTION TO BIOMIMETIC ORGANIC SYNTHESIS
Synthetic chemistry has developed to a point at which greater selectivity is demanded. Synthetic methods are needed which can meet the same high standards of chemical yield, selectivity and purity of the desired product as we see in biochemical reactions. Molecular recognition via structural molecular complexations is central to biological phenomena. Enzyme catalysis and inhibition, immunological response, storage of genetic information, replication, biological regulatory functions, drug action and ion transport all involve structural recognition in complexation. Enzymatic processes frequently achieve levels of selectivity, which are not yet attainable by simple chemical means. Most enzyme-catalyzed reactions are stereo selective, selective in the choice of substrates, selective in the type of chemical reactions performed and selective in the region of the molecule attacked when there are several possibilities (regioselective).
Mimicking enzymes in their capability to bind substrates selectively and catalyze chemical reactions is one of the important emerging areas of bioorganic chemistry. Biomimetic refers to human-made processes, substances, devices or systems that imitate nature. Biochemical selectivity is the result of the geometry of reagent-substrate complexes in which a rigid reagent would direct attack into a particular region of the substrate and these are called biomimetic systems. Biomimetic modelling of chemical reactions involves reversible formation of host-guest complexes by non-covalent bonding with substrates as seen in enzymes. Thus, mimicking of biochemical selectivity, which shows shape and substrate selectivity with the reactions being carriedout in water will be superior to chemical selectivity. 
Of particular interest are the water-soluble hosts with hydrophobic cavities, which mimic these biochemical interactions. Amongst them, cyclodextrins, which are cyclic oligosaccharides, have excited much interest as enzyme models. Cyclodextrins (CDs) possessing hydrophobic cavities bind substrates selectively and catalyze chemical reactions with high selectivity. They catalyze reactions by supramolecular catalysis involving reversible formation of host-guest complexes. Complexation depends on the size, shape and hydrophobicity of the guest molecule. Thus mimicking of biochemical selectivity, which is due to orientation of the substrate by complex formation positioning only certain region for favorable attack, will be superior to chemical selectivity, which involves random attack due to intrinsic reactivity of the substrate at different regions. Cyclodextrins being chiral can also induce asymmetric reactions.
The following work has been undertaken utilizing this concept of biomimetic modelling of chemical reactions involving cyclodextrins.

CHAPTER-II: BIOMIMETIC SYNTHESIS OF SELENAZOLES AND THIAZOLES
Section-A: Supramolecular synthesis of selenazoles using selenourea in water in the presence of -cyclodextrin under atmospheric pressure
Selenium compounds are, in most cases, less stable than the corresponding sulfur analogues and in addition, the methods and conditions available for the synthesis of sulfur analogues are not applicable for the synthesis of selenium compounds. Therefore, the development of new methods for the synthesis of selenium-containing building blocks has become important. Organoselenium compounds have been a matter of considerable interest over the last three decades due to their unique chemical properties and versatility as synthetic reagents in modern organic synthesis. Selenium, an essential biological trace element, is an integral component of several enzymes and its use as a nutritional supplement has been popularized recently due to its potential role as an antioxidant in low concentrations and as an anticancer agent in high concentrations. Selenium represents an essential element of higher organisms and the selenium containing enzymes such as glutathioneperoxidase and 51-deiodase type 1 play an important role. In fact, a number of diseases result from selenium deficiency. Thus, selenium-containing molecules are of considerable biochemical and pharmacological relevance.
Selenazoles have been extensively studied as synthetic tools, as well as for their biological significance. Amongst them, 1,3-Selenazoles are of pharmacological relevance due to their antibiotic and cancerostatic activity. A prominent example is the C-glycosyl selenazofurin with antibacterial activity. A number of synthetic routes have been developed for the selenium-containing heterocyclic compounds because of their interesting reactivities. These have been prepared mainly by the application of Hantzsch procedure. The methods available have a number of drawbacks such as the use of anhydrous solvents, inert atmosphere, basic conditions, longer reaction times, and low yields in the presence of water. Apart from this, selenourea is air and light sensitive. Thus, in view of these shortcomings, there is need to develop a mild and eco-friendly synthetic methodology for these high value compounds by replacing organic solvents, most of which are flammable, toxic or carcinogenic, with water using a recyclable catalyst as a part of green chemical approach.


In general, the reactions were carried out by the in situ formation of -cyclodextrin complex of -bromoketone in water at 50 C, followed by the addition of selenourea and stirring to give the corresponding selenazoles in almost quantitative yields. The supramolecular complex formation was established through 1H NMR studies with phenacyl bromide (PB) as a representative example. The 1H NMR (D2O) of the -Cyclodextrin, -Cyclodextrin-phenacyl bromide complex and freeze-dried reaction mixtures of -Cyclodextrin-phenacyl bromide-selenourea were studied. It is observed that there is an upfield shift of H3 and H5 protons of -CD in the case of -CD-PB complex as compared to -CD due to the screening effect of the phenyl ring of phenacyl bromide included in the hydrophobic cavity of -CD. These shifts indicate the formation of inclusion complex of phenacyl bromide with -CD. A further upfield shift of these protons was observed after the addition of selenourea, which could be explained by the enhanced aromatic nature of the phenyl selenazole formed. 
This methodology also overcomes the formation of unwanted by-products, low yields, high temperatures and inert atmosphere, thus making it a more user-friendly procedure. (J. Org. Chem. 2007, 72, 1849)

Section-B: Aqeous phase synthesis of thiazoles and amino thiazoles in the presence of -cyclodextrin
Thiazole and aminothiazole structures have found applications in drug development for the treatment of allergy, hypertension, Schizophrenia, inflammation, bacterial, and HIV infections. Amino thiazoles are known to be ligands of estrogen receptors, as well as a novel class of adenosine receptor antagonists, whereas other analogs are used as fungicides and as ingredients of herbicides or as schistosomicidal and anthelmintic drugs. The synthesis of biologically active molecules containing thiazole ring system falls into two broad classes. (i) Solid phase supported methodologies and (ii) more conventional solution phase synthesis. Amongst the solid phase and solution phase syntheses vast majority of syntheses have employed solid phase methods for generating small organic molecular libraries. In solid phase synthesis, acid or base was used for construction of the solid support and again acids like TFA, and high polar solvents like DMF, Dioxane and high temperatures were used for cleavage of the solid support. Solution phase libraries were built in DMF and high polar solvents. 
To overcome some of the drawbacks in the existing methodologies, we report for the first time, the aqueous phase synthesis of thiazoles and aminothiazoles from phenacyl bromides and thioamide/thiourea in the presence of β-cyclodextrin. Of recent, organic reactions in aqueous media have acquired significance in organic synthesis as they overcome the harmful effects of organic solvents and are also environmentally benign. 



Reactions were carried out by the in situ formation of the β-cyclodextrin-phenacylbromide complex in water followed by the addition of thioamide or thiourea to give the corresponding thiazole or aminothiazole respectively in impressive yields. The reaction proceeds smoothly without the formation of any by-products or rearranged products. In the absence of β-cyclodextrin the reaction does take place but the yields were poor (20%) after long reaction times (12 h). Here the role of cyclodextrin appears to be to activate the phenacyl bromide, solubilize and promote the reaction to completion in decreased reaction times. 
	We have demonstrated for the first time that thiazole formation can be promoted by β-cyclodextrin in water overcoming many of the drawbacks in the existing methodologies. (Tetrahedron Lett. 2005, 46, 5953)

CHAPTER-III: BIOMIMETIC NUCLEOPHILIC RING OPENING REACTIONS
Section-A: A facile regioselective ring opening of aziridines to haloamines using tetrabutylammonium halides in the presence of -cyclodextrin in water
	The aziridine functionality, or alternatively named as aza-ethylene or ethylenimine unit, represents one of the most valuable three membered ring systems in modern synthetic chemistry, because of its widely recognized versatility as significant building block for chemical bond elaborations and functional group transformations. Ring strain renders aziridines susceptible to the ring-opening reactions that dominate their chemistry and makes them useful synthetic intermediates. By suitable choice of substitutents on the carbon and nitrogen atoms, excellent stereo- and regiocontrol can be attained in ring-opening reactions with a wide variety of nucleophiles, including metal halides and azides.
	Amongst various intermediates that can be formed from aziridines, vicinal halo amines are the most important and versatile synthetic intermediates for the synthesis of many biologically active molecules. These are the building blocks of high utility to organic and medicinal chemists, with the potential for easy transformation to many important organic molecules via intra and intermolecular nucleophilic displacement of the halogen atom. They can be prepared by regio- and stereo selective ring opening of aziridines with halogen nucleophiles. The most accessible synthesis of these compounds is by the reaction of aziridines with hydrogen halides but this method suffers from the drawback of formation of mixtures of regioisomers. To overcome this disadvantage, a number of reagents have been used. However, these reagents also have various drawbacks such as hygroscopic nature of catalysts, reflux temperatures, anhydrous organic solvents, expensive and hazardous reagents, etc. In continuation of our investigation on organic reactions involving β-cyclodextrin in aqueous medium, we have explored the regioselective ring opening of aziridines to afford β-halo amines by using the simple, readily available, environment friendly and easy to handle reagent, the tetrabutylammonium halide. They are widely known as phase transfer catalysts and have been extensively employed in various chemical transformations as nucleophilic halide sources. However, tetrabutylammonium halides have not yet been explored for aziridine ring opening to the highly versatile halo amines. In the present investigation, an efficient ring opening of aziridines to vicinal halo amines has been carriedout in the presence of β-cyclodextrin in water at pH-4.


Reactions were carried out by the in situ formation of β-cyclodextrin complex with aziridine in water followed by the addition of the tetrabutylammonium halide at pH4 to give the corresponding halo amines in impressive yields. The yields were shown to be optimum at pH4. Here, the role of cyclodextrin appears to be not only to activate the aziridine but also to promote highly regioselective ring opening due to inclusion complex formation. 
It has been demonstrated for the first time that the ring-opening reactions of aziridines can be promoted by tetrabutylammonium halides, opening a novel entry into using these reagents for the synthesis of vicinal halo amines. Formation of unwanted by-products and low regioselectivities can also be avoided by using this methodology. (Tetrahedron Lett. 2004, 45, 7995) 

Section-B: Highly regioselective C-3 opening of aromatic 2,3-epoxy alcohols with sodiumphenoxides/thiophenoxides supported by β-cyclodextrin in water
	Epoxides are an important class of synthons in synthetic organic chemistry. Epoxides can be easily prepared and the strain of the three-membered ring together with the polarization of the C-O bond makes them susceptible to reaction with a variety of reagents such as electrophiles, nucleophiles, acids, bases, reducing and oxidizing agents. Ring opening of epoxides with phenoxides yields -hydroxy ethers, which are synthetically and biologically important class of compounds. These 2-aryloxy alcohols are valuable targets as a result of their role as the key synthetic intermediates in -adrenergic blocking agents and a variety of pharmaceutically important compounds.
	Ring opening of epoxy alcohols with a wide variety of nucleophiles shows different ratios of C-2 and C-3 isomers. There is continued interest in the regioselective ring opening of oxiranes to hydroxy ethers and thioethers due to their significance as valuable synthetic intermediates in a variety of pharmaceuticals. The most straightforward synthesis of hydroxy ethers consists of the ring opening of 2,3-epoxyalcohols with sodium phenoxides/thiophenoxides. However, these reactions are generally carried out in hazardous solvents under dry reaction conditions using lewis acid catalysts such as Ti (O-iPr)4, with lower yields, and mixture of regioisomers. In view of these limitations, there is still need for a widely applicable approach for the C-3 selective ring opening of 2,3-epoxyalcohols with various substituted sodium phenoxides/thiophenoxides preferably using water as a solvent with a recyclable catalyst minimizing the use of harmful organic solvents. In our efforts to develop biomimetic modeling of organic chemical reactions involving cyclodextrins in aqueous medium, we describe, herein, the first C-3 selective ring opening of epoxides with phenoxides and thiophenoxides to dihydroxy ethers in the presence of -cyclodextrin in water at 50 C.



In general, the reactions were carried out by the in situ formation of -cyclodextrin complex of aromatic 2,3-epoxyalcohol 1 in water at 50 C, followed by the addition of sodiumphenoxide 2 and stirring for 12 h to give the corresponding dihydroxy ethers 3 in impressive yields (82-92%). In the case of sodium thiophenoxides 2, the reactions were complete at room temperature. The reaction goes smoothly without the formation of any by-products or rearrangements. In the presence of -cyclodextrin, ring opening of trans 2,3-epoxyalcohol with sodiumphenoxides/thiophenoxides yielded the C-3 opened product as the only isomer as detected by 1H NMR spectroscopic analysis of the crude and by comparison with similar type of compounds.
Here, the role of -cyclodextrin appears to be not only to activate the epoxide but also to promote highly regioselective ring opening due to inclusion complex formation. These cyclodextrin mediated water based reactions proceed under mild conditions without the need for organic solvents. The -cyclodextrin can be easily recovered and reused. Longer reaction times (>24 hours) were seen in the absence of -CD and the yields were also very low (20%) with the formation of mixtures of products. These reactions do take place with -cyclodextrin (-CD) as well with the same regioselectivity and stereochemistry, however -CD was chosen as the catalyst since it is inexpensive and easily accessible.
Thus, it has been shown for the first time that dihydroxy ethers can be obtained with high regioselectivity from the easily accessible oxiranes and inexpensive sodium phenoxides/thiophenoxides in the presence of -cyclodextrin in water. This methodology describes a simple, convenient and highly efficient method for the synthesis of dihydroxy ethers. The notable features of this method are cleaner reaction profiles, high yields and operational simplicity. Above all, these reactions are carried out in water. This methodology will be a useful addition to the modern synthetic methodology with the ever-growing demand for eco-friendly chemical processes and increasing interest in green chemistry. (Helv. Chim. Acta. 2007, 90, 1107) 

CHAPTER-IV: BIOMIMETIC OXIDATIVE DEPROTECTION REACTIONS
Section-A: A mild and efficient oxidative deprotection of THP ethers with NBS in the presence of -cyclodextrin in water
	Selective protection and deprotection of hydroxyl groups are important in organic synthesis especially in multistep synthesis of natural products. However, one of the most important problems is the selection of best method for the protection and deprotection of the intermediate products. Amongst various protecting groups, tetrahydropyranyl (THP) is frequently used to protect hydroxy compounds in the course of a total synthesis and hence the deprotection of THP ethers is an important transformation in organic synthesis. Direct transformation of tetrahydropyranyl ethers is an useful practical application and only few reports are available.
Amongst a variety of catalysts that have been studied for the oxidative deprotection of THP ethers consist of PCC, CPCC, chromium(VI) oxide etc. A disadvantage to using PCC was its toxicity. Moreover, transformations with chromium(VI) reagents are compromised in many ways due to their inherent toxicity, cumbersome preparation and potential danger (ingnition) in handling its complexes, difficulties in terms of product isolation and waste disposal. In addition, the chromium(VI) reagents are corrosive and irritant for the skin and sensitive parts of body such as eyes. Derivatives of this reagent are in particular well known carcinogens. Hence in view of increasing environmental constraints, the design of new, less polluting, inexpensive reagents is still in demand. Hence, the development of environmentally benign and clean synthetic procedures is the goal of present day research. We have developed for the first time a novel, convenient and mild approach for one pot oxidative deprotection of tetrahydropyranyl (THP) ethers using N-bromosuccinimide (NBS) under supramolecular catalysis involving -cyclodextrin (-CD) in water without the presence of any acidic or basic catalyst.



These reactions can be carried out effectively in impressive yields in water and also do not generate any toxic waste products. Here, the role of cyclodextrin appears to be to activate the tetrahydrohydropyranyl ethers by hydrogen bonding facilitating the hydrolysis. The hydrolyzed product alcohol is further oxidized in situ to carbonyl compounds with NBS.
The present methodology has the advantage of performing the in situ oxidative deprotection of tetrahydropyranyl ethers in water with catalytic amount of -cyclodextrin. This method has many advantages over the existing methodologies and also has the practical convenience of not having to handle flammable and anhydrous organic solvents. (Synthesis, 2004, 11, 1741).




Section-B: Direct synthesis of carbonyl compounds from THP ethers with IBX in the presence of -cyclodextrin in water
Amongst variety of oxidizing agents, hypervalent iodine reagents have attracted considerable attention as mild and selective oxidizing agents due to their low toxicity and ready availability. These reagents have enjoyed an increasing popularity in organic synthesis and have been used as valuable tools in synthetic organic chemistry. Several iodinanes such as (diacetoxy-iodo) benzene, [bis(trifluoro acetoxy)iodo] benzene, o-iodoxybenzoic acid (IBX),  Dess-Martin periodinane (DMP) and iodosobenzene etc., have been reported. IBX was the reagent of choice in a variety of oxidations. IBX is a versatile oxidizing agent because of high efficiency, easy availability, mild reaction conditions, easy handling, stability to longer shelf life, and tolerance to moisture and air and ecofriendly nature.
Since, IBX is more ecofriendly and mild due to its low toxicity and ease of handling as compared to NBS, an attempt has also been made for the oxidative deprotection of THP ethers under supramolecular catalysis with IBX in water.
 

	
The reactions were carried out by dissolving a catalytic amount of -cyclodextrin (0.1 mmol per 1.0 mmol of the substrate) in water followed by the addition of THP ether 1 and 2-iodoxybenzoic acid 2 at room temperature. The yields obtained were impressive ranging upto 96%. No over oxidation products have been detected in the case of aldehydes.
These reactions are efficiently carriedout by using catalytic amount of -cyclodextrin (0.1mmol). The cyclodextrin can also be recovered and reused and is inexpensive among various cyclodextrins. Iodo Benzoic Acid (IBA), the reduced form of IBX, formed after completion of the reaction, is easily separated by simple filtration. An easy re-oxidation of IBA to IBX using KBrO3 makes this procedure cost effective. (Tetrahedron Lett. 2005, 46, 1971).

Section-C: Deprotection of oximes using iodosobenzene in the presence of -cyclodextrin in water 
Protection of carbonyl compounds as oximes is of great importance to synthetic chemists, due to their easy installation, removal, and stability in a variety of reactions. Oximes are used extensively for the protection, purification and characterization of carbonyl compounds and also in the preparation of amides via Beckmann rearrangement. They are useful intermediates in organic chemistry and also serve as selective -activating groups. Their conversion to carbonyl functionality is important from synthetic viewpoint. In view of the importance of deoximation, several methods have been developed for the cleavage of oximes, such as acid catalyzed hydrolysis, oxidative reaction, reductive reaction, clay-supported ferricnitrite, zirconium bis phenyl phosphonate, PCC/H2O2, o-Iodoxy benzoic acid/water/DMSO-THF, CrO3/chlorotrimethylsilane trimethylsilyl chlorochromate, titanium silicalite, Manganese triacetate, PCC, triethyl ammonium chlorochromate, dispyridine silverpermanganate, Raney Ni, CrO3/TMCS, N2O4, Dowex-50, (NH4)2S2O8/silica, Zn(NO3)2/silicagel, Zn/AcOH, alumina supported KMnO4 etc. 
Some of the reagents reported for deoximation are often hazardous, very toxic and expensive, need to be freshly prepared (not readily available), require anaerobic conditions, longer reaction times, tedious workup etc. The organic solvents are not only expensive but are often flammable, toxic, and environmentally hazardous. A further challenge is to perform catalytic organic reactions in water. In order to circumvent some of the problems highlighted above, a mild and efficient method using water as solvent is still warranted for the regeneration of carbonyl compounds from oximes.
Amongst various oxidizing agents Iodosobenzene (IOB) a hypervalent iodine reagent, attracted our attention due to its low toxicity, and high selectivity. We report herein the first examples of the deoximation of various oximes 1 to carbonyl compounds 2 under supramolecular catalysis with -cyclodextrin using Iodosobenzene/KBr in water.



The reactions were carried out by dissolving -cyclodextrin in water followed by the addition of oxime and Iodosobenzene/KBr at room temperature. The yields obtained were impressive ranging up to 92%.
This is a simple and efficient methodology for the deprotection of oximes even in the presence of sensitive functionalities prone for oxidation. (Synth. Commun. 2006, 36, 1463).

CHAPTER-V: BIOMIMETIC SUBSTITUTION AND ADDITION REACTIONS
Section-A: Synthesis of -bromo--ketoesters by substitution of active hydrogen with NBS followed by cyclization with thiourea/selenourea under supramolecular catalysis
A large number of thiazole derivatives have emerged as active pharmaceutical ingredients in several drugs for their potential anti-tumour, anti-hypertensive, anti-inflammatory, anti-hyperlipidemic and other biological properties. Selenazole derivatives also play an important role in the anti-tumour and anti-bacterial activities and inhibit lipopolysaccharide-induced nitric oxide production in BV-2 cells. Several groups have developed various methods for the synthesis of these thiazole/selenazole derivatives. Hantzsch synthesis is the widely used methodology. Based on this concept, some newer methods like cycloaddition of TosMIC to thione derivatives, Ugi reaction, oxidation of thiazoline/thiazolidine ring system and others have been developed. Of recent, some more methods have been developed for introducing various aryl and olefinic moieties into the thiazole ring system, such as palladium-mediated coupling processes and nucleophilic reaction of lithiothiazole to afford substituted thiazoles. There is also a report by Georgia et al for the synthesis of 2-amino-4-phenyl-5-acetamido thiazoles by the bromination of γ-ketoesters. All these reactions were carried out in hazardous organic solvents and reagents involving tedious work-up procedures. In our efforts to develop biomimetic approaches through supramolecular catalysis21 and also to overcome some of the drawbacks in the existing methodologies for the synthesis of thiazole/selenazole derivatives, we have attempted the aqueous phase synthesis of thiazole/selenazole derivatives from β-ketoesters, N-bromosuccinimide and thiourea/selenourea in the presence of -cyclodextrin.



In general, the reactions were carried out by the in situ formation of the -cyclodextrin complex of the -ketoester 1 in water at 50 ◦C, followed by the addition of NBS 2 and thiourea 3/selenourea 4 and stirring continued at the same temperature to give the corresponding thiazole 5/selenazole 6 derivatives in impressive yields. 
Thus, we have demonstrated, for the first time, a novel and efficient biomimetic conversion of -ketoester to thiazole/selenazole derivatives with the easily accessible NBS and thiourea/selenourea using -cyclodextrin as a promoter and water as the reaction medium. This novel methodology may find wide range of applications. (Synthesis, 2007, In Press).


Section-B: Aqueous phase synthesis of vic-halohydrins from olefins and N-halosuccinimides in the presence of -cyclodextrin
Vic-Halohydrins are valuable synthons for transformation into epoxides, ketones and several halogenated marine natural products. These halo derivatives are also widely applicable in industrial processes for the synthesis of drugs, pharmaceuticals, agrochemicals, pigments and photographic materials. Epoxides are frequently opened to form halohydrins by the use of hydrogen halides, however, this methodology will not be suitable for substrates with acid sensitive functionalities apart from being toxic. These procedures are generally associated with by-products such as vic-dihalides and 1,2-diols. Halohydrins can also be directly synthesized by a variety of methods other than forming epoxides, most often by functionalization of alkenes to vic-halohydrins with reagents, such as in situ generation of hypoiodous acid from H5IO6 in the presence of NaHSO3, but this methodology has the disadvantage of acidic reagent. Elemental halogens in water where there is no recovering of the reagent, has the drawbacks of toxicity and dangers of handling. In some cases the ,-unsaturated esters could not be transformed into the desired iodohydrins with NIS, at the reaction temperature of –20 C.
These methods often involve the use of expensive reagents, controlled temperatures and formation of mixtures of products resulting in low yields. Of recent, there is also a report of utilizing ionic liquids for halohydroxylations but even in this case, allyloxy benzene gives regio-isomers. In our efforts to develop biomimetic approaches through supramolecular catalysis and also to overcome some of the drawbacks in the synthesis of vic-halohydrins from olefins, we report herein, the aqueous phase synthesis of halohydrins from olefins and N-halosuccinimides in the presence of -cyclodextrin by encapsulating the olefin in the hydrophobic cavity of cyclodextrin.






In general, the reaction was carried out by the in situ formation of the -cyclodextrin complex of the substrate in water followed by the addition of NBS/NIS and stirring at room temperature to give the corresponding vic-halohydrins in impressive yields. Treatment of styrene and substituted styrenes with NBS/NIS in the presence of -cyclodextrin in water medium afforded 2-bromo- or 2-iodo-1-phenyl ethanol in high yields. 
CD was recovered from the aqueous layer by cooling. NBS could also be regenerated from succinimide.
Thus, we have demonstrated, for the first time, a novel and efficient biomimetic conversion of olefins to vic-halohydrins with easily accessible NBS/NIS using -cyclodextrin as a catalyst and water as the reaction medium. (J. Mol. Cat. A: Chemical. 2006, 258, 10).

Section-C: Synthesis of phenacyl esters from phenacyl bromide and potassium salts of aromatic acids in the presence of -cyclodextrin in water
The synthesis of phenacyl esters has many advantages in organic chemistry as they are usually solids and provide an useful means of characterizing acids and phenols. The classical synthesis of phenacyl esters consists of treating the sodium or potassium salts of acids with -bromoacetophenones, but are associated with problems such as low yields, slow reaction times, hydrolysis of the alkylating reagents and contamination of the product with starting alkylating reagent. To overcome these disadvantages, a number of methods have been developed such as potassium fluoride in glacial acetic acid, polymer supported reagents, crown ether in conjunction with PTC, crown ether under reflux conditions, DBU in benzene, which is carcinogenic. Even recently, Zhen-Chu Chen, et. al. reported the synthesis of phenacyl esters from -tosyloxy ketones in ionic liquids. Thus, there is need to develop a mild and widely applicable approach for the synthesis of phenacyl esters in water under neutral conditions.


These reactions were carried out by dissolving -cyclodextrin in water, followed by the addition of phenacyl bromide 1 and potassium salt of carboxylic acid 2 to obtain the corresponding phenacyl ester 3. This method has many advantages over the existing methodologies offering an environmentally benign protocol with the practical convenience of not having to handle flammable and anhydrous organic solvents and is a practical method involving carboxylic acid salts. (Synth. Commun. 2005, 35, 1681).
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